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ABSTRACT 

Using the type II near-extremal 3D-branes solution we apply the T-duality and smeared 
twist to construct the supergravity backgrounds which dual to the 4D finite temperature 
non-commutative dipole field theories. We first consider the zero-temperature system in 
which, depending on the property of dipole vectors it may be N=2, N=l or N=0 theory. We 
investigate the rotating D3-brane configurations moving on the spactimes and show that, for 
the cases of N=2 and N =1 the rotating D3-brane could be blowed up to the stable spheri- 
cal configuration which is called as giant graviton and has a less energy than the point-like 
graviton. The giant graviton configuration is stable only if its angular momentum was less 
than a critical value of Pc which is an increasing function of the dipole strength. For the 
case of non-supersymmetric theory, however, the spherical configuration has a larger energy 
than the point-like graviton. We also find that the dipole field always render the dual giant 
graviton to be more stable than the point-like graviton. The relation of dual giant graviton 
energy with its angular momentum, which in the AdS / CFT correspondence being the oper- 
ator anomalous dimension is obtained. We furthermore show that the temperature does not 
change the property of the giant graviton, while it will render the dual giant graviton to be 
unstable. 
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1 Introduction 



Giant graviton first investigated by McGreevy, Susskind and Toumbas [1] is a rotating D3- 
brane in the AdS^ x spacetime, which is blowed up to the spherical BPS configuration 
and has the same energy and quantum number of the point-like graviton. The configuration 
is stable only if its angular momentum was less than a critical value of Pc- This expanded 
brane wraps the spherical part of the spacetime and is stabilized against shrinking by 
the of the Ramond-Ramond (RR) gauge field. The authors in [2] had proved that the giant 
gravitons are BPS configurations which preserve the same supersymmetry as the point-like 
graviton. As the giant graviton has exactly the same quantum numbers as the point-like 
graviton they can tunnel into each others. It was also shown in [2] that there exist "dual " 
giant graviton consisting of spherical brane expanding into the AdS part of the spacetime, 
which, however, do not have an upper bound on their angular momentum due to the non- 
compact nature of the AdS spacetime. While the giant graviton could tunnel into the trivial 
point-like graviton the investigations had shown that there is no direct tunneling between 
the giant graviton and its dual counterpart in AdS [3-5]. 

The microscopical description of giant gravitons had also been investigated in [6,7]. The 
blowing up of gravitons into branes could take place in backgrounds different from AdS^ x 
background, such as in the dilatonic background created by a stack of Dp- branes [8], in the 
geometry created by a stack of non-threshold bound states of the type (D(p-2), Dp) [9], in 
the B-filed background [10], or in the Melvin field background [11]. The properties of the 
non-spherical giant was considered in [12]. The giant graviton solutions in Frolov's three pa- 
rameter generalization of the Lunin-Maldacena background [13] had also been investigated 
in a recent paper [14,15]. In this paper we will investigate the giant gravitons on the super- 
gravity backgrounds which dual to the 4D finite temperature non-commutative dipole field 
theories. 

In section II we first construct the dual supergravity background of the finite temperature 
non-commutative dipole theory by considering the near-horizon geometry of near-extremal 
D-branes [16], after applying T-duality and smeared as that described in [17,18]. Depending 
on the property of dipole vectors the theory may be N=2, N=l or N=0 theory. In section 
III we first investigate the zero temperature system and see that, for the cases of N=2 and N 
=1 a rotating D3-brane configurations moving on the spacetime could be blowed up to the 
stable spherical configuration. We see that the giant graviton configuration is stable only if 
its angular momentum was less than a critical value of Pc which is an increasing function 
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of the dipole strength. For the case of non-supersymmetric theory, however, the spherical 
configuration has a larger energy than the point-like graviton. 

In section IV we first follow the Witten prescription [19] to transform the supergravity 
background to the global coordinate and then use the coordinate to study the dipole effect 
on the dual giant graviton. It is found that the dipole field always renders the dual giant 
graviton more stable than the point-like graviton. We obtain the relation of dual giant 
graviton energy with its angular momentum, which in the AdS/CFT correspondence being 
the operator anomalous dimension. In section V we turn to the finite temperature system 
and show that the temperature does not change the property of the giant graviton, while it 
will render the dual giant graviton to be unstable. In last section we summary our results. 

Note that the Giant graviton provides a very natural framework for the study of the 
gauge theory/gravity correspondence [20]. After studying the zero coupling limit of N = 
4 super Yang-Mills theory with gauge group U(N) the candidate operators dual to giant 
gravitons had been proposed in [21-23]. Our investigations thus provides a correspondence 
which dual to a finite temperature non-commutative dipole field theories. 



2 Supergravity Solutions 



To find the explicit supergravity solution of D3-brane describing the finite temperature dipole 
theory we could start with the following type II supergravity solution describing N coincident 
near extremal D3-brane [16] 



ds' = f{r) 



-1/2 



h{r)dr + dxi + dxi + dxi\ + /(r)^/" [-h{r)-^dr' + r'dn 



(2.1) 



in which dr and dfl constitute X4, ...,xg coordinates. The horizon is located at r = ro and 
extremality is achieved in the limit ro ^ 0. A solution with ro ^ N is called near extremal. 

Now, as described in [17,18], we first apply the T-duality transformation on the X3 axis. 
Then add a twist to the directions X4, ....Xg as we go around the circle of new X3 axis. This 
means that we replace 



dxa dxa-^ flabXbdXs, = 4, ...9, 



(2.2) 



6=4 



in which Q is an element of the Lie algebra 5*0(6). After the smeared twist along X4, ...,Xg 
we finally apply the T-duality on the Xs axis. The supergravity solution becomes 
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ds^ = /-2 -h{r)dt^ + dxl + dxl + 



1 + r'^n^M'^Mn ) 
+/2 h{r)-^dr^ + r^dn^dn - ^ ^ „ r.^r.^r ' ' 

9 



(2.3) 



1 



a=4 



1 + 



where n is unit vector defined by Xa = rn with |np = 1 and Q 
form of matrix M can be cast to the following form [17] 



^2mM 



(2.4) 

The most general 



M 



( 

—OL\ — OL2 





V 
















-0L\ — eta 








CKi + a-i 












-a2 — OL-i 








OL2 + CKs 




(2.5) 



This form of matrix M breaks all supersymmetries. On the other hand for aa = we left 
with 4 supercharges. For ai = q;2 = we find a configuration with 8 supercharges [17]. 



After the evaluations the following supcrgravity solutions are found in the large N limit. 
(1) N = 2 theory: We let ai = 0:2 = and 0:3 = i? then 



dn^ 



- 1- 



dt^ + dx"^ + dy"^ + 



dz"" 



+ 



1 

IP 



1 - 



U^)'^" ' ' ' 1 + sin^ e 
+d9^ + cos^ 6*^0^ + sin^ 9 (dxj + cos^ Xidxl + sin^ Xidxl) 
U'^B'^ sin^ 9 {cos'^ XidX2 + sin^ Xic^Xa) 



C/4 



dU' 



,2* 



1 



1 + sm^9' 



B 



1 + ^7252 sin2 9 
U'^B sin^ 9 (^cos^ XidX2 + sin^ Xi^Xs) 
1 + sin^ 9 



(2.6a) 



(2.66) 

Thus there is a nonzero B field with one leg along the brane worldvolume and others trans- 
verse to it. The value B in (2.6b) is proportional to the dipole length £ defined in the 
"non-commutative dipole product" : ^ai^) * ^ai^) = ^ai^ — £b/2) $5(0; -|- £a/2) for the 
dipole field $(a;) [17]. Note that the coordinate used in (2.6a) is like that in [1], which is 
slightly difference from that used in [24]. 
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(2) = 1 theory: We let ai — a2 — B and 0:3 = then 



l + 52C/2(3cos2e + l) 



+ 



4\ -1 
T 



C/2 



+d9'^ + cos^ 0d(f)'^ + sin^ 6' (dx? + cos^ Xidxl + sin^ Xidxl) - j 



X 



,2* 



2 cos^ + sin^ 9 (cos^ XidX2 + sin^ Xi^Xs) 
1 



l2 



(2.7a) 



1 + [7252(3 C0S2^ + 1)' 

BU'^ 2 cos^ 6'd(/) + sin^ 6 (cos^ XidX2 + sin^ Xidxs) 



1 + [7252(3 C0S2^ + 1) 



(2.76) 



(3) iV = theory: We let ai = a2 = = B /2 then 



dslo = [72 



1-^) + + dy'+ ^ 



+ 



[72 



+d6l^ + cos^ edcj)"^ + sin^ 6* (dx? + cos^ Xic^X2 + sin^ Xidxl) - ^ 



U^B^ 



+ U^B^ 



X 



cos^ Odcj) + sin2 9 (^cos^ XidX2 + sin2 XidXi 



(2.8a) 



^2$ 



1 5C72 
, (i?^0,i?2^.) = 



cos2 + sin2 9 {cos^ XidX2 + sin^ Xi^Xa) 



1 + [7252 



1 + [7252 



(2.86) 

In next section wc first use the above geometries to study the giant graviton configurations 
at zero temperature. The problem of finite temperature is studied in section IV. 



3 Zero- Temperature Giant Graviton with Dipole Field 

The rotating giant graviton we will search is the D3-brane wrapping the spherical Xi space- 
time. The world- volume coordinate cr^^ are identified with the space-time coordinates by 

ao = t, (Ti=xi, 0-2 = X2, 0-3 = X3, (3.1a) 

and 

= (/.(t). (3.16) 
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The giant graviton will be fixed on the spatial coordinates aix — y — z — with a fixed 
value oi U — 1. To proceed, we know that the D3-brane action may be written as 

S=-Jd'a e-^^-igab + Ba,) + / P[A^% (3.2) 

where gab (Bab) is the pull-back of the spacetime metric {B field) to the world- volume, and 
P[A'^'')] denotes the pull-back of the 4- form potential. As the B has only the component 
Bzxi or Bz^ (in N=0 case) it does not contribute to the Born-Infeld part of the action, as 
the world- volume coordinate of D3-brane is described by (3.1). 

3.1 N=2 Giant Graviton with Dipole Field 

Let us first the zero-temperature case oi N — 2 case. As the RR field strength -F6i(/.xix2X3 
proportional to ^/ge^xixixs ^® from the metric (2.6a) find that the 4-form RR potential 
on the dipole-field deformed is 

4x1X2X3 ~ (sin^^ + ^sin^e^ sinxicosxi, (3.3) 

in which we consider only small dipole field theory to obtain an analytic form. The associated 
Lagrangian of the classical rotating D3-brane under ansatz (3.1) is 
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L « - sin^ e^l-cosW 02 + l^sin^ ^ + "y ^^^^ (3-^) 

in which we have integrated the coordinate Xi- After the calculations the momentum conju- 
gates to (j) becomes 

= + sitl9^ sm^6', (3.5) 



)/l - cos'^e 02 3 
and associated energy of the dipole-field deformed giant graviton is 



H ' 



P - sin^ 0-^ sin^ o] + cos'^e sin^ 0. (3.6) 



-\ 1 — Olli u 

cos9\ \ 3 

Before using (3.6) to analyze the properties of the deformed giant graviton it is useful to 
know that the radius of an undeformed giant graviton is equal to its angular momentum, i.e. 
R = y/P [1] (The radius of the giant graviton, R, is the value sin9 in our notation.). There- 
fore, increasing the angular momentum of the undeformed giant graviton will increasing its 
size. In this case the giant graviton has same energy as the point-like graviton. However, 
once its angular momentum is larger than 1, i.e. P > 1, the configuration will has higher 
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energy than that of the point-hke graviton and giant graviton becomes unstable. 

To proceed, let us make the following comments: 

1. The "small value of B" means that it is compared to the radius of the undeformed 
radius Rs- Note that, for a convenience, we have let the radius Rs — 1. 

2. Due to the deformation in the background caused by the dipole field the space described 
by the coordinate Xi is not a sphere, as could be read from the metric form (2.6a). Thus the 
giant gravitons which wrap around Xi not of spherical shape. 

3. As the giant graviton is not a sphere we could not use a radius to describe its shape. 
However, using the metric form (2.6a) we could find its volume (Vg) and, for a convenience, 
we will use the "effective radius" (Rg) to describe the giant graviton in which (Rg)^ ~ Vq- 
The properties are also shown in the rest of paper. 

Wc could now use the formula (3.6) to plot the energy of the deformed giant graviton 
as a function of its effective radius Rg (which is equal to R = sin 9) with various angular 
momentum P under a fixed dipole field B = 0.3. The results are shown in figure 1. 



Figure 1: Energy of the giant graviton with various angular momentum P—0.8, 1.01, or 
1.05 as a function of its effective radius R under a dipole field B — 0.3. Giant graviton has 
maximum effective radius R — 1 at P — Pc ^ 1.03 and it becomes unstable as its angular 
momentum P > Pc- 

Note that the point-like graviton has radius R = and energy Hq = P as could be easily 
read from (3.6). In the case of small dipole field, we can also from (3.6) find that the effective 



H 




R 



P = . 8 
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radius and energy of the giant graviton are 



H{R,) 



(3.7) 



(3.8) 



Note that above relation imphes that H{Rg) — P < which, at first sight, is violating the 
ordinary BPS bound of undeformed theory [1,2]. In fact, for the dipole-field deformed theory 
the BPS inequality will be corrected. Although the precise form, which may be derived form 
the dipole-field deformed supersymmetric algebra, remains to be investigated we would like 
to make an useful discussion in below. 

As we are considering the case of small dipole field the BPS inequality shall be slightly 
modified. Therefore, in considering the configurations which are nearly the giant graviton 
solution of (3.7), i.e. R ^ Rg + AR, the energy of these states calculated from (3.6) will 
become 

P2 



H{Ry 



1-P2 

1 

' 1-P2 

1 

^ 1-P2 



P - R" - —{Rg + ARf \ +{1-R')R' 



P-R^- — P3 
3 > 



+ (1 - R^)R^ 



+ (1 - P')P^ 



= P 



P2 



P2 



= B{Rgf + 



P2 



(1 - R^ ) \ 
/ 52 



;i - R-) 



p 



p - ^p' 
3 



p^ 



R' 



This indicates that the giant graviton in the N=2 background may be a BPS configuration. 
The properties would also be shown in the rest of the paper (including the dual giant gravi- 
ton) and, for short, we do not discuss them anymore. However, to conclude that the giant 
graviton is indeed a BPS state we need to analyze the supersymmetry of giant graviton [2] . 
The problem remains to be investigated. 



As the effective radius Rn 



that 



sin 9 the condition of maximum value of P^ = 1 then implies 

P2 



1 + 



(3.9) 
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Thus the giant gravitons is a stable configuration if its angular momentum is less than Pc, 
which is an increasing function of the dipole strength. For that case oi B — 0.3, which is 
plotted in figure 1, we have Pc ~ 1.03. 

Thus, our analysis have shown that the giant graviton may have lower energy than that 
of the point-like graviton. This means that the dipole field could stabilize the giant graviton 
and suppress it from tunneling into the point-like graviton. 

3.2 N=l Giant Graviton with Dipole Field 

The case of = 1 could be analyzed in the same way. The associated Lagrangian of the 
classical rotating D3-brane under ansatz (3.1) is 

L^- sin^ e^Jl + AB^cos^e -cos'^e <j)^ + ((1 + 45^) sin^ 6 - 2B^ sin^ O) 0, (3.10) 

in which we have integrated the coordinate Xi- After the calculations the associated energy 
of the dipole-field deformed giant graviton is 

cos 6* V V / 

We could now use the above formula to plot the energy of the deformed giant graviton as 
a function of sin 6 with various angular momentum P under a fixed dipole field. The results 
are like those shown in figure 1 and giant graviton may have lower energy than that of the 
point-like graviton. 

Note that the point-hke graviton has radius R — Q and energy i^o ~ -P + 2S^P as could 
be easily read from (3.11). In the case of small dipole field, we can also from (3.11) find that 
the effective radius and energy of the giant graviton are 

Rg^R[l + ^B\l-R^)f'\ i? = sin^RiyP + S^(5PV2_iop3/2 + 4p5/2j (3 ;L2) 

H{Rg) P + 2B\1-3P + P^)P. (3.13) 
As the R = sin 9 the condition of maximum value of R — 1 then implies that 

Pc ~ 1 + 2Pl (3.14) 

Thus the giant graviton with angular momentum P < Pc will have lower energy than that 
of the point-like graviton and the dipole field could stabilize the giant graviton and suppress 
it from tunneling into the point-like graviton. 
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3.3 N=0 Giant Graviton with Dipole Field 

The case of = could be analyzed in the same way. The associated Lagrangian of the 
classical rotating D3-brane under ansatz (3.1) is 

L ^ -sin^ 9\/l + cos^ e - cos'^ e <j)'^ + (1 - B^) sin^ 6 <j), (3.15) 

in which wc have integrated the coordinate Xi- After the calculations the associated energy 
of the dipole-field deformed giant graviton is 

^ ^ x/1 + B^co s^ hp _ . 2 ^ ^^^^ ^ ^.^g ^ 

COSb* \l \ ^ ' / 

We could now use the above formula to plot the energy of the deformed giant graviton as 
a function of sin 9 with various angular momentum P under a fixed dipole field. The results 
show that giant graviton always have larger energy than that of the point-like graviton. 

Note that the point-hke graviton has radius R — and energy i^o ~ -P + B'^P/2 as could 
be easily read from (3.16). In the case of small dipole field, we can also from (3.16) find that 
the effective radius and energy of the giant graviton are 

1/6 B^ 
Rg^R(l + B\l - R^)) , R = sine^y/P + — (-3P^/^ + 5P^/^) . (3.17) 

H{R,)^P + ^{1 + P)P. (3.18) 

As H{Rg) > Hp, the giant graviton, if it exists, will always have a larger energy than that of 
the point-like graviton. 

In conclusion, in this section wc have shown that, for the cases of N=2 and N =1 the 
rotating D3-branc could be blowcd up to the stable spherical configuration and it has a 
less energy than the point-like graviton. The giant graviton configuration is stable only if 
its angular momentum was less than a critical value of Pc which is an increasing function 
of the dipole strength. For the case of non-supersymmetric theory, however, the spherical 
configuration has a larger energy than the point-like graviton. 

4 Zero- Temperature Dual Giant Graviton with Dipole 
Field 

In this section we first transform the supergravity solutions found in section II to the global 
coordinate and then use the new coordinate to find the dual giant graviton solution. We 
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will see that the dipole field always render the dual giant graviton to be more stable than 
the point-like graviton. 



4.1 Metric 

To consider the dual giant graviton on the AdS [2] we will change the relevant coordinate to 
be the global coordinate following the Witten prescription [19]. Let use first investigate the 
following line element 

/ (la- \ dp 
ds^ = —{l + r'^)dT^ + r'^ I ^ ^ . ^ ^ + si'cicilda^ + sinQ;^sinQ;2<^Q;3 j +- cos O"^ dcj)^ . 

(4.1) 

Using the new coordinates 

U^Br, T = Bt, (4.2) 

then equation (4.1) becomes 

ds^ -U'^dt^ + C/^ At f + sin a^dal + sin a? sin ctoC^ao | + + cos 9^d(f)'^, 

B^ \l + U^B^sm. J 

(4.3) 

in the case of -B ^ 1. As that described in [24], in the limit B ^ the original described 
by the coordinates become flat which may be described by the radius 4 becomes 

infinite. Thus the above line element could be written as 

( dz \ dU^ 

ds^ = U^de + . 2^ +dx'' + dy^]+-— + cos e''d(t>\ far N^2. (4.4) 

\1 + U^B'^ sm y J (7^ 

This is the part of line element of (2.6a) in the case of Ut — 0, which is the case oi N — 2. 
Therefore we could use (4.1) to study the dual giant graviton on the AdS in the case of small 
dipole field B. 

Through a similar consideration we could find the relevant line elements for the cases of 
N — 2, N — 1 and = at finite temperature. The results are 

ds^ — — [1 + I dr^ + — j 5— + sin a\da\ + sin a\ sin aidal j 

y r"' y V + r-^B* sin 6 j 

dr^ 

+ cos^2c^(/)^ /or AT = 2, (4.5) 



ds^ = - ( 1 + - ^ 1 cir^+r 



J cir^+r^ (^ i^^2g4(t'cos2g + l) + '^"^ ''''^''^ + sin a\ sin aldal ^ 
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?r + 

1 + r2 - ^ 



cos'' 6' - 



1 +4254(3 C0S2^ + 1) 



c^0^ /or A^ = l, (4.6) 



,9 /-I 2 T \ 1 2 2/ u/L-ti , 2 7 2 • 2 • 2 7 2 

as = — 1 + r ar +r — — + sm a^da2 + sm sm ctgao^a 



2, r^E^cos^^ 

cos fc* r T- 

1 + 4254 

in the case of small value of dipole field B. 



1 + r2 - ^ 



d(t)\ far 7V = 0, (4.7) 



4.2 Dual Giant Graviton Solutions 

We can now use the above global coordinate to investigate the dual giant graviton at zero 
temperature. The thermal dual giant graviton will be investigated in the next section 
i) N=2: Using the ansatz [2] 

ctq = t, (7i = Oil, (72 = q;2, (73 = a^, (4.8a) 

and 

<t> = m. = 60. (4.86) 

the associated energy of the N — 2 dual giant graviton calculated from (4.5) at = is 



H + (cos2 OoP^ + r6) - - EV^sin' cos^ ^o, (4.9) 

in the case of small value of dipole field B. The solution of point-hke graviton of radius 
r — has and energy H{0) — PcosOq. 

To proceed, let us make the following comments: 

1. The "small value of S" means that it is compared to the radius of the undeformed AdS 
radius RAdS- Note that, for a convenience, we have let the radius RAds ~ 1- 

2. Due to the deformation in the background caused by the dipole field the space described 
by the coordinate ai is not a sphere, as could be read from the metric form (4.5). Thus the 
dual giant gravitons which wrap around a^i are not of spherical shape. 

3. As the dual giant graviton is not a sphere wc could not use a radius to describe its shape. 
However, using the metric form (4.5) we could find its volume {Vg) and, for a convenience, we 
will use the "effective radius" (r^) to describe the dual giant graviton in which (r^)^ ~ Vg- 
The properties are also shown in the rest of paper. 
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The dual giant graviton effective radius and their associated energy are 
r 

(l + r2S2 sin^ ^o) 



rg = - — 7-^37^, r ^ VPcoseo + B^Phm^OoCos^ 9o. (4.10) 



1 3R4p3 

H{rg) ^ Pcos^o sin^ ^0 cos=^ ^0- (4.11) 

3 

As H{rg) < H{0) the dual giant graviton will always have a less energy than that of the 
point-like graviton. 

ii) N=l: Using the ansatz (4.8) with = the associated energy of the A'" = 1 dual 
giant graviton calculated from (4.6) at tt = is 

4 



H ^(1 + r2) (P2 + r-e - 4r^B^) - / - -EV, (4.12) 

3 

in the case of small value of dipole field B. The solution of point-hke graviton of radius 
r — has an energy H{0) — P. The dual giant graviton effective radius and their associated 
energy are 

^, r^^/P + B'^P^5P + 6). (4.13) 



:i + 4r2B2)i/6 



1 n 

H{rg) ^P- —B^P\ (4.14) 
3 

As H{r-g) < H{0) the dual giant graviton will always have a less energy than that of the 
point-like graviton. 

iii) N=0: Using the ansatz (4.8) with 9o = the associated energy of the A^ = dual 
giant graviton calculated from (4.7) at tt = is 

H ^ ^(1 + r2) (P2 + ^6 _ ^4^4) _ ^4 _ 1^4^6^ (^^ -^^^ 

O 

in the case of small value of dipole field B. The solution of point-hke graviton of radius 
r — has an energy H{0) — P. The dual giant graviton effective radius and their associated 
energy are 

^^- (l^^.)i/a - r«.v/p + ip^pi(5P + 6). (4.16) 

Hirg) ^P- ^B^P^ (4.17) 

As H{r-g) < H{0) the dual giant graviton will always have a less energy than that of the 
point-like graviton. 

In conclusion, we have shown that the dipole field always render the dual giant graviton 
to be more stable than the point-like graviton. Note that in the AdS/CFT correspondence, 
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we identify the energy H in global coordinates as the operator dimension in the field theory 
and P as the R-charge, so we have computed the dimensions of operators corresponding to 
the brane configuration [20-22] . 



5 Thermal Giant Graviton and Thermal Dual Giant 
Graviton 

5.1 Thermal Giant Graviton 

Let us first consider the rotating D3-brane wraps the spherical part of without the dipole. 
The relevant metric read from (2.6a) in the case of i? = is 

ds^ = -C/2 _ ^ j dt^ + de^ + cos^ ed(l)^ + sin^ e (dxl + cos^ xidxl + sin^ Xidxl) ■ (5-1) 

Using the ansatz (3.1) the associated energy of the thermal giant graviton is 



H = ^ X (P - sin^ e) ^ + cos2 9 sin^ 9, (5.2) 

cos V V / 

in which the giant graviton is moving along f/ = 1. As the temperature efi'ect (T = Ut/t^) 
only shows in an overall factor it thus does not affect the property of giant graviton. 

In a similar way the thermal giant gravitons with dipole-field deformation have the fol- 
lowing energy 



H pa * 



52 V 

P-sm'^9 sin^^ + cos^^ sin^ ^, N = 2. (5.3) 



\ 1 — Olli u — 

cos9 \\ 3 



H ^ Jl-U^ T^^^J (P-{1 + 4^2) sin^ + 2B^ sin^ 9) + cos^ 9 sin^ 9, N = 1. 

* COSb* V V / 

(5.4) 



//f«yr^^^^^5^^^(P-(l-S2)sin^e)' + cos2e sin^^, N ^ 0. (5.5) 



cos^ 



Comparing above equations with (3.6), (3.11), and (3.16) we see that the temperature 
effect (T = Ut/t^) only shows in an overall factor it thus does not affect the property of 
giant graviton. We therefore conclude that the temperature does not change the property 
of the giant graviton with dipole field. 
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5.2 Thermal Dual Giant Graviton 



We next consider the rotating D3-brane wraps the spherical part of AdS^ without the dipole. 

The relevant metric read from (4.5) with i? = is 



ds'^ — — ^ + dt^ + {da\ + sin a\da\ + sin a\ sin a\da 

Using the ansatz [2] 



dr'^ 



(70 = (7i = «!, (72 = Q;2, (73 = Qis, 



and 



the associated energy of the thermal dual giant graviton is 



H ^ 



\ 



1 + r2 - ^ j (P2 + ^6) 



(5.6) 
(5.7a) 

(5.76) 
(5.8) 



In the case of rr = the dual giant graviton has radius Vg — y/P with energy H{rg) — P 
which has the same value of the point-like graviton of r = [2] . 

4 

For the case of tt 7^ 0, as the minimum value of ro satisfies the relation I+Tq — ^ = the 
associated energy becomes H{ro) — —r^ which has a negative value. However, for the dual 
giant graviton the associated energy is a positive value. (The property could be seen in the 
case of small r^, in which the giant graviton energy is slightly different from H{Rg) — P.) 

For a convenience we use (5.8) to plot the energy of the dual giant graviton as a function 
of its radius r with the angular momentum P = 5 for the cases of tt = and = 1. The 
results are shown in figure 2. 



H 




12 3 4 

Figure 2: Energy of the dual giant graviton with angular momentum P — 5 as a function 
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of its radius r. At zero temperature (rr — ^) the dual giant graviton has the same energy 
as the point-like graviton. However, at finite temperature (rx — ^) the configuration with 
a minimum value of Tq (~ 0.786) has a negative energy which is less then the dual giant 
graviton energy. 



In a similar way the thermal dual giant gravitons with small dipole-field deformation 
have the following energy 



H 



H 



T 



(cos2 ^0^2 + r6) -r^ -SVW^oCOS^^o, = 2. 



\ 



1 + r2 - 1| ] (P2 + ^6 _ 4^454) _ ^4 _ IsV^ AT = 1. 



H 



1 + r2 - ^ ) (P2 + ^6 _ ^4^4) _ / _ 154^6^ ^ ^ Q_ 



(5.9) 

(5.10) 
(5.11) 



y • • 3 

Through the same arguments we sec that the energy of configuration with a minimum radius 

4 

To, which satisfies the relation 1 + Tq — ^ = 0, will have a negative value while the energy 
of dual giant graviton is a positive value. We can therefore conclude that the temperature 
will render the dual giant graviton to be unstable. 



6 Conclusion 

Since Witten [19] had shown that the Ads-Schwarzschild spacetime could be used to study the 
dual finite temperature gauge theory many literatures has investigated the serval problems 
in the dual gravity side, including the finite Wilson- Polyakov Loop [25,24]. In this paper, 
we study the giant graviton with a non-commutative dipole field deformation on the finite 
temperature system. As the giant graviton provides a very natural framework for the study 
of the gauge theory/gravity correspondence [20] and the candidate operators dual to giant 
gravitons had been proposed in [21-23] our investigations thus provides a correspondence 
which dual to a finite temperature non-commutative dipole field theories. 

In this paper, we use the type 11 near-extremal 3D-branes solution to construct the 
supergravity backgrounds by applying the T-duality and smeared twist, which dual to the 
4D finite temperature non-commutative dipole field theories. Wc have consider the zero- 
temperature system in which, depending on the property of dipole vectors it may be N=2, 
N=l or N=0 theory. We first show that, for the cases of N=2 and N =1 the rotating D3-brane 
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could be blowed up to the stable spherical configuration which is called as giant graviton and 
has a less energy than the point-like graviton. The giant graviton configuration is stable only 
if its angular momentum was less than a critical value of Pc which is an increasing function 
of the dipole strength. For the case of non-supersymmetric theory, however, the spherical 
configuration has a larger energy than the point-like graviton. 

We also transform the supergravity background to the global coordinate following the 
Witten prescription [19] and find that the dipole field always render the dual giant graviton 
to be more stable than the point-like graviton. The relation of dual giant graviton energy 
with its angular momentum, which in the AdS/CFT correspondence being the operator 
anomalous dimension is obtained. We furthermore have considered the finite-temperature 
system and show that the temperature does not change the property of the giant graviton, 
while it will render the dual giant graviton to be unstable. Finally, the thermal property of 
giant graviton on the other dipole field deformed background [26] is interesting and remains 
to be studied. 
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